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(54) [&«H©£*M 



(57) mm) 

-f*> £*tt4fe Jt £ * - * > f 9 v f O £ o &f7g« 

mmiz. se»i«tt6tt4t«5 (h;uvj» <*> 

T4. «S(5 (hJUV"J» dttAT^^&A'U^A 




(2) 



ft® 2 0 0 1 - 1 1 0 4 3 1 



Mtffitii«j«*» e. * * OMIMJEIB ic . tt/lUK (kfft $ *i 2> tB 
[Xn«)ii/j:K«] 

lES) 1/2 O z + 2H + 
JUS) H 2 

tele, ti't'f • filWST^i. 

[0005] tc^TJiaiJ^frKJfc;**/ — Xi»ir*ii 
T, «SSJSJ«rXA-XlCfT^-e-4fc*. tiE*— IftEKjlc 

Lfefc©f$5. #ijf h77MaifU> (PTF 
[0 0 0 6] 

UfcfcJ&lC. •5-tlfc'tt«^3 7. hrt*i«<&*<!:U5|RHi 
[0 0 0 7] *£T*«i!#Stt«*«l*fctt4afctt 

[0 0 0 8] *.5gi«C0fi¥.jfeL«tp<i:-r-58!UJifi. 



[0 0 0 1 ] 
[0 0 0 2] 

ft^mi¥mmn<D--jj<nmzmm (7;-hd es 

Mtt 6 * £ 3£* ffi it t f a . L T* co^irik ftCli . 

[0 0 0 3] £©J:3&«ra©*WBJ||lcJ3i»T. t« 

at. «WlT«*Lfc**-f *>*tfttHHt^>LTa» 
St«^KL. £SHSTzk (H2O) ir^-SiC^iaM 

[0004] *©»&ic*8»*te©*asjte«. 

+ 2 e - — H20 

— 2 H+ + 2 e - 

[0 0 0 9] 

[Ri*lBftt4)t»0¥a] wK>^H€:«j*-r«>fcJ6 

ttft & <E iif * 5 *r A Sttfttt » * BE£ L fc C £ £ S 
[0 0 10] COll^lC, -f *>&&Vmmt LTte. 

U ^Uii<D-i * >£8M»Jf *«# fifc t><& £ L Tjgffl 

ana. 

[0 0 11] fcT-fisWttttHtLTia. 
Tli. P t . Pel. R u . O s . Jr. R h . Au/it' 

[0012] fit rs^a^sttftttHj £LTti. 
SiSjRrg 3 | = gEiia ns . @ E^««trtt&«T-r«fttttttt 



(3) 



*$&3 2 0 0 1 - 1 1 0 4 3 1 



[0 0 13] 3LtzZ-<nm.%\& (MKU» te, 

(7oh» e«tt(h®7-e^tti^ft^L, mm 
-£5x.m^&mL^?<L. ^tznmmmx^^Lfzm 

=P (e-) ^^-^>^£DJ:^^'a^e^tt%i r ^^CD 

ft, iat>«Jl!lttl^*<»^tl*Ci:t«C*. 

tt. W#JH4l;:iEtt3ft*, MttOlliBIVMcttH <«* 
W>8n , J'5ATiBa 203) <E>2ftrP, $>£l> 
fctt»#*5K:ie*Sft*. WttOftRWttW^fc* 

R^LfcttT (e~) <7>IMfttt*H»*«*#*a. 
[0 0 15] S6JC*U 7yfbfcT— U^>©J:3fr5MJi 

* >•# u 7©i a a< * >e»tt«b wt 6fc»-r * > 

[0 0 16] -t©S3WC»*fli6fcE«*n*. H&ttf* 
ftSt m^li* H7i7-f hFeO-Fe 203) COS 

[0 0 17] 

;H Ott, l^t«?Sl 2 t*^— 
1 4**Ktt€,ft, te*OBI(C2S»« 1 6*«»(te>ftTl* 
*LTl»il 4«. *5«fctf£SK«l 6ffi(Ite^ft 
•fftjfcfllft: (-t/1U-^) 18 a. 18 brt*EKSft, 
«B«HI 1 4 «CCtt**^Xtt^O*»^^39«|lt»r**B 
2 0#««£ft5i#l::, £.fU&l 6«(Itt 
£.§tts£<DiS£fLftJ#X^ 2 2 a< 

tzffl^xiT <=> ftT»BSa«»ttil!i4: L TffiJH $ ft* ^ 



[0 0 1 S] ccoig^d, ttEK#?%ftttl 2(4, (St 

14, 1 0 0-2 0 0 /*m**ttffliLTft?fiT&*. 
[0 0 19] Sfc, JIBft«l 4 4iJ:tfSf««l 614, 13 

»Iil4a, 1 6 atfRltSft, 7^-*18a. 1 

8 b£<D&mmm\zjixm&mi 4 b, 1 6ba««i*6 

ht^S. tt*£J§ 14 a. 14 bl4<hfclC, (P 
t) «0«S(l**St**--#>fi[ : 3 t lcfiitS«fclHTA 
0. 16 a. 16 bli#31Httttic±0«tf 

14, *«ttflg^W<, ■ML**«*B*TTt>36 

[0020] aTiw*#wt*«wo*as«t-Dt»TK 

< ££flu#J l>A<«»Lfc*-3P>75!y^ II 
MftitT'2 0 XitefciilCP t *JfiJtLjfcp t fflJtMi 

7)lzi-)imWl W'J^il0%) £#'Jv.#fi4 0 
mgffiS, (h;UvU» tt*2 0mgtttlf 

ftftOUiO, £<*g-&L^-X httllLifc. ««E (h 
;i/VJ » ftsSOfigtt, 0. 1-1 0/imSKTft 
So -^LTCtf)^— 7. KSrlOcmXlOc mtM Xtf) 

«8*S:«ISitfc. CO*j£T2t(CO«jHLie-ff§JL 1 

*> (W±) CO 1 1 2 AM (tefilJPS 5 0 /iin) O^Sffi 

l^^^y K^UXlCT^^Lfco Z<D£z) \zLTitmLfz 

jEfiirfi*, M^(C^7K^^^-tl^ r n2 a t a TimS 

[0 0 2 1 ] <Jt«M«>±Ejli6« 1 \Z&\,*T P t tBJ9 
tt*t»63(B©6 0mgtL, «»H*E^T'i;ttiK 

flflS-t^fcnSIHc, jE«liag«, fttKztt*****!-? 
ft 2 a t aTflWftL, ttftflft^flBEOWIften^. 
[0 0 2 2] B3(t mm\ (««5»)*IE6) t. 

tt«« (ffi.a^7iL, p t ta 3 c^'iistt 
* /b t ft -?ft (Dmnmmiz )v \z -o ^ x mil mum 



(4) 



ftM 2 0 0 1- 1 1 0 4 3 1 



WttlCttfllEffift (A/cm2) ft«D, MENllCfBEE 

cv) zm-ox^z. 

[0 0 2 3] C0)BI3(C*$ft*cfc-5lC, S8JS6«li:Jt 
ttffllittt^fcfc*!!, HUSEM 1 <0*#Jttt«J:g fe, 
ffl5tLfc±«8fc«l«*[H (0-1. OA/ cm 2) |c*3 
tiTilSt»«fl£lttS:*LT4iO, Z. <D Z. t & 0 $imm 1 <£> 
'1 & £ ffl C ^ d <h li ct 0 ft * <D 1 1 m m «t '9 fe K i> « i Ik HJ 

* ** ft 6ft, AMI i&ft tt ^ *f £ C t **UJ 6 * £ ft 
ofce *LTC<7)C4:«t f3 ( HUV 

[0024] st, B4ii isfie (h;uvu>) oss 

t^E^l (wt%) fc«0, Kttl::Mtt«E (V) 

»5<Z>E£***2 5 w t %afc0-C«t>!BU|«tt«£E«: 
SL, «»50BE^fiiLTtt, 15-30wt%(Ol 

[0025] <mmm2>fi-#>zr ; ?y>7<Dfm^iz 
asttT2 oxias«t5i:p t *jaj#Lfcp t 

^*ft£2 0mg, A-7;i/tD^W>S#UV©<t 

(*U7^no%) ^U7ti4 0 

mgffl^, ?^>iMU ^A*»*2 Omg^nftllt 
0^0, ct<jg^L^-XhttlCLfco fill CD^— 
Xh£l0cmXl0 cmW X<Dil— #>£7 0XSi;tf 

xtt*iio«sB^— ^a*L, a«tt»stffc. ceo 

*ttT2ft©ti*^BL. ^-^^^> (W±) oi 1 
2K «S8»S5 0/im) 0«Iffil:*yK^L^Xi:t 

^tW«» lEWl^SK, *«!C|****:-e-tl-e r tl2 a t 
[0 0 2 6] B5H mHm2 (^^>»/t'J^Af»* 

[ 0 0 2 7 ] CCDg] 5 (I^^n^cfc^ll, jMEW2tJt 
«9EM <h fctt^fc £ $ lz , Siijufjaj 2 ©**<Jt*»««t 0 > 
M£Lfc£«S&KttttH (0~l. 0A/cm2) icjj 
UTK UWEtt SS L T*5 0 , d <D £ £ «fc 0 mi&m 2 co 

« a ^ ifl i > * c t ii j: o tmi <r> jt « n cfc o fc n ^ q m& m 

* t»< » «=> ft . fig ft ft ilk 4$tt£WT£ £ t tfi W ZfrtU 
A^cfc 3 ttttl»1iS^ttKa)«)^«Edr« d £**««>** 



[0 0 2 S] H6H f*>IKM«J»)AOE&fiJ 

t DHKtBEE £ £ SMS Ltt)OT*4. C (Dg] 6 «fc 

0 W 6 cfc -5 ic, ^ * > ejy \* U «5 a OE£S*< 2 5 w 

l±(D8i£mt LTIi, 1 5-3 Ow i %<0l6lffl**i81ftT 

SfSStMSiLT, BaO. T1O2. PbTiO 
3. Bi4Ti30i2. B a M g F 4 , PbZrxT 

1 1 -x03***5. 

[0 0 2 9] <*IS«l3>*-sB>>^5-y 
ttSJtT2 0 Xt«tftJ:3»cP t SflfifLfcP t &J«0t 

7;un-;u/g^ (#u^«i 0%) ^#U7gi4 0 

mg«l, #U 7*yfttf— »Jf>»*2 OmgS-tn-P 
-^—X hSIOcmxiO enrtf-r X<DtJ — #>^nx 

1128 (^igJ*^ 5 0 um) <DBimm\Z*y h*7 u UX 

i:TS&if: e z<d&oizl xftm t /cmis - mmn& 

•«JC»B*#t-ttHE r tl2 a t aT4M&U 

[0 0 3 0] El 7tt, ^SS^"J3 (*U 7^<tb*- U5 =r > 
^*E^) t, JtttM (#U-7*{tfc*-Ux>fcU P 

[0 0 3 1 ] C(Dg|7 lC^$ft^>cfc3lC,. I^)5E^J3 tit 
te« t Srtt^fe ch * \Z , ^ISS^J 3 ©***Jttt« cfc 0 t) , 
"illJ3eLfc±*8lE«fiEieH (0-1. OA/ cm 2) 
^TJ*l^«JE«(S:SUT45t), C (D Z. t & Q MMM 3 <D 

*«*ffl^i*ci«CckotE*oittt«cfcb tiK^«jam 

* **f» 6 ft . «ft tt ^ 
U xXDcfc 3 ttiSfittttttB^ttKOtft^SE^r * c 

t**«jfi«pttoiRi±»cw3aTft 0, pt mmm<DiSiMiz 

[0 0 3 2] ^fc, 0 8 11 #'J7 7ftt'-'Jr>©E 

8 cfc 0 91 6**&«fc 3 ^ , 7fiV7y it b' n U r>OS&l 
^2 5w t X^fcOT«tJB^iBB»«ffi&*L. *U7 
'vfttf— ijf >©EftIiLTtt, 1 5 — 3 0wt%(O 

[0 0 3 3] <$tttfl 4 >75 y ^©W»*i: 

SifiltT2 0 %<t^*«fc5l* P t SjSJ#LfcP t mWm 
*f»*2 Omg, ^;U^-n^jl,*>K*!ij 70^ 

7;U=3-A?gffi (#'J7tIl 0%) ^#'j7tS4 0 



(5) 



&f%2 0 0 1 - 1 1 0 4 3 1 



irigtSI. Btt#T»4«7i7-fh (FeO-Fe 2 
Os) t»*2 0mgStft^nttOBi3. JzKM'&L^ 
— X htKKLfc. f LTCO^ h^lOcmXlO 
c m-y-f Xtoil -# > 2 □ 7.»i^7,ffitt!(S<7?^® ICi^— 

«u i~7**> m±) cdi 1 2Bg (raps 5 0 « 
LTf^«bfc*a-««»»#flc*ffli»T***««!i-i:;i' 

t12 a t aT«*SL, »ft««tt*BEOHff 
[0 0 3 4] 0 9(1 MmW4 (t7iM ht»*f£ 

[0 0 3 5] ^(75E19ir^$n-5«t5(-. HM^J4<hJt 

jftl5£L;t£:tt8lE&g3£B (0~1. OA/ cm 2) 
<^TilS(^«aE<ii£SLT:fc9, CW^<i:«tt3l|]iiE0iJ4CD 

l*J±»;:*r84TaB, Pttt!«i©ftMl;f4t5fc©T' 

[0 0 3 6] 01OH ^i^-f hWge^Mi 

0^ 5 (C, »7i7< htf>IE£ft#2 5w t % 

3fct)Tfit)iS5^ll!StE4Sl/. ^717-fhroS^ 
ItLTH 1 5~ 3 Ow t %CD3eBB*ijgl;T"*-i)C:<i: 

[0 0 3 7] ±BLfclM6©»«K:<Br*|fiSE 

«ttttttB©'f*>ejHtt«MiKt,;:*i£Bii; 

fllJWS&JSPcl, Ru. Os. I r, Ru. Auii'S 

«©wi3Lk«a \zmm-v # -a t, cot * -5 . 

[0 0 3 8] *-LT*5£l«lCjgffl£*15 1 7 is U )Vf&& 

i7iM Mciaer. ee»a»=j:07 r 7^«f7'f 



«^*iSffl^4a-5. Sfc3A;H»*. 

aroBtt<*:«jMt>iPi«ica!fflsn4t)OT**. 

[0 0 3 9] 

[aw©3»*3 4cxnoai»«atB«icj:tia. matt 

ttfeK . * * t » tefi&ttt&MW «fc otitis* JPSttftttR 

«jifetH*a*» 6*1. *©»*«iis*f,tct*«T** 

[0 0 4 0] Lfc*«oT*%^S:g!D)j*JSttfflJ«Sf4m 

[132] 01 ic*Lfemi4«toc9fia (*sma. 
a) <osifffi«igii-c-<fc£„ 

[03] **«E#«l©«affl!{»tJt^O«ato«<i:CD 

[S4] *nss0ij 1 ©*a«j«ic*it«a«5©E^* 
[as] *nsfi^j2<D«att<«<tjti!<^jcD«attj«to 

[0 6] #nss0>j 2 (Dn.MMmz&tfzT? >sau 
[07] *^jsfiaj3©flia®atJt^joaa«iSEi«) 

[08] *mjs0y 3 ommmmz & it -5 * u 7 ft e=. 
[0 9 ] 4 ©safttttEt jt^jo«a«flti© 

Lfc0T*4. 

[01 0] **SHH4©*a«ttEI::*Sl**tt7x5-f h 
[fr*f<75nM] 

i o mnmm 
1 2 n^mmn 
i 4 «sf4a 
i 4 a mmm 
1 6 s£«a 
1 6 a M<&m 



(6) 



ft Mi 2 0 0 1 -110 4 



[[21 1 1 




C*ft*4tt>- 



18a 



_ 12 




[14] 



[135] 




^x\CK£S (w t%) 




0.5 

Sffl (A/ cm* ) 



J 



(7) 



*$K) 2 0 0 1-110 4 3 1 




0 25 so 

[08] 



bfc) 



0.5 

mas (A/cm* ) 



[09] 




o I 1 1 o 1 1 1 

0 25 50 0 0.5 1.0 

rK'J ^-WbtT^'J-x^R^ft (w t %) «3fc (A/cm* ) 
[010] 



1.0 




fcH 

gtf 0.5 - 



o I 1 1 

0 25 50 

^x^-f KBE^Jt (w t %) 



5H01S AA06 ASOI BBOl BB03 BB06 
BB08 BB12 DD06 DDOS EE03 
EEOS EE13 EE1S 

5H02G AA06 CC03 CX05 EE02 EE05 
EE18 



